AIm: Subthalamic nucleus (STN) deep brain stimulation (DBS) has become a well-accepted treatment for patients with advanced Parkinson's disease (PD). During surgical planning for DBS, the length of the STN is taken into account and verified during microelectrode recording (MER) intraoperatively. Here, we addressed the question to which extent the length of the STN measured with the T2 weighted MRI in the probe's eye view corresponded with the intraoperatively determined length of the STN with MER. BulGulAR: Analizimiz T2 ağırlıklı probe eye görüntüdeki STN uzunluğu ile MER arasında istatistiksel açıdan anlamlı fark olmadığını gösterdi. sonuÇ: STN'nin giriş ve çıkış noktaları preoperatif probe eye görüntüsü kullanılarak doğru bir şekilde belirlenebilir.
InTRoduCTIon

Subthalamic nucleus (STN) deep brain stimulation (DBS)
has become a well-accepted treatment for patients with advanced Parkinson's disease (PD) (4, 8, 10) . The method of radiologically targeting the STN is an important factor in the surgical planning. Thus far different imaging methods are used based on experience and the availability of technologies (7, 17, 18) . In general, there are three main approaches: indirect targeting based on standard stereotactic atlas coordinates, direct targeting using high resolution magnetic resonance images (MRI), and the combination of these two approaches (1, 3, 16) .
The STN can be visualized as a dark (iron-rich) structure on the T2 sequence of the MRI. The aim is to position DBS electrode in the dorsolateral motor part of the STN. While planning, the length of the STN is taken into account and verified during microelectrode recording (MER) intraoperatively. This brings up the question to which extent the length of the radiological STN and the electrophysiological STN overlap. Studies in which the relation between the MR-based STN and MERbased STN are investigated using the classical x, y, z planes have revealed some varying results. (5, 14) .
Here, we addressed the question to which extent the length of the STN measured with the T2-weighted MRI in the probe's eye view corresponded with the intraoperatively determined length of the STN with MER. We focused on the probe's eye view since this is the actual anatomical plane in which the electrodes reach and enter the STN.
MATeRIAl and MeThodS
We included 10 consecutive Parkinson's disease patients who underwent STN DBS surgery and were followed for at least 3 months postoperatively from September 2011 to June 2012. All patients underwent preoperative clinical assessments including the Unified Parkinson's Disease Rating Scale (UPDRS) parts I/II/III and IV, Schwab and England and Hoehn & Yahr scoring in the medication on and off states. Preoperative neuropsychological and psychiatric assessments were also performed. Inclusion-and exclusion criteria have been described in previously (17) . Informed consent was obtained from all patients, and STN DBS was approved by the local ethics committee.
Preoperative Planning Phase
All patients underwent MRI examination 3 days prior to surgery with turbo spin echo T1(TR 596 ms, TE 13 ms, slice thickness 1 mm with no gaps, matrix 256 × 256 pixels), T2 (TR 4000 ms, TE: 90 ms, slice thickness 2 mm with no gaps, matrix 256X256 pixels) axial and double-dose gadolinium-enhanced T1 axial MRI. All MRI scans were performed using a Siemens Magnetom Vision 1.5-Tesla MR scanner (Siemens, Erlangen, Germany) and the images were obtained from the vertex to the infraorbital level. In the morning of the operation, a Leksell G frame was mounted and a stereotaxic computerized tomography (CT) was performed without contrast with a slice thickness of 1 mm reaching from the inferior level of the orbit to the vertex (Aquillon 16 CT scanner, Toshiba, Tokyo, Japan). The next step was MRI and CT image fusion and calculation of the stereotactic coordinates (Framelink 5, Medtronic Inc. Minneapolis, USA). For indirect targeting of the STN we used the following stereotactic coordinates from the midcommissural point: 12 mm lat, 2 mm posterior, 4 mm inferior to the midcommissural line. Finally, we adjusted the final target by direct targeting and defining the dorsolateral motor part of the STN on T2W MR images ( Figure 1A-E) .
Surgery
Antiparkinsonian drugs were reduced in the course of few days and stopped 12h before surgery. After the anesthesiological preparation with dexmedetomidine hydrochloride, a precoronal burr hole was made on the contralateral side with most severe PD symptoms and electrodes were introduced for MER (Leadpoint; Medtronic, Minneapolis, USA). We were especially careful during trajectory planning to avoid blood vessels. We typically used 5 microelectrodes, unless this was not possible because of vessels. Recordings were performed in 0.5-1-mm steps starting from 10 mm above the radiological defined target. This continued through the STN until STN activity disappeared ( Figure 2 ). The electrode with the most typical STN pattern over the longest distance was selected for test stimulation. Intraoperative macrostimulation was performed with a frequency of 100 Hz and stimulus duration of 60µs in stepwise fashion every 2 mm within the electrophysiological borders of the STN. At each step, the stimulus intensity was increased at increments of 0.5 V until a desired clinical response or occurrence of unwanted side effects that were evaluated by a neurologist. The following clinical parameters were scored using the UPDRS: tremor (if present) and rigidity in all four extremities, finger taps, hand movements and/ or handgrips, and leg agility. When we obtained a positive clinical result with low stimulation amplitudes and sideeffects were absent or only present, at higher amplitudes, the test electrode was withdrawn and replaced by the quadripolar electrode (Model 3389; Medtronic, Minneapolis, USA). When we had no satisfying effect during test stimulation, another electrode was chosen clinical evaluation. This was, typically the trajectory with the second longest STN activity. The position of the quadripolar electrode was verified using fluoroscopy. Finally the electrode was fixed in the burr hole with methylmethacrylate and connected to an extension cable, which was externalized at a distance of approximately 7 cm posterior from the burr hole, and connected to an external pulse generator (Model 3625; Medtronic). The same procedure was performed on the contralateral side.
On the first postoperative day, all patients underwent T1W and T2W MRI to evaluate the position of the electrodes and detect (a) symptomatic bleedings or other structural complications. The images were evaluated by an independent neuroradiologist. On the second postoperative day, internalisation of the pulse generator (Activa PC; Medtronic, Minneapolis, USA) was performed under general anesthesia.
Postoperative Clinical Examination
Patients underwent motor and neuropsychological examinations 3 months postoperatively. The UPDRS parts III and IV were also scored in the stimulation off / medication off and stimulation on / medication off states.
Defining the Subthalamic Nucleus on Magnetic Resonance Imaging
All MR images were analyzed by two observers, which showed a high interobserver reliability. The images were processed using the Framelink 5 software (Medtronic; Minneapolis, 
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Electrophysiological Length of the Subthalamic Nucleus
The mean length of the STN activity on the right side was 6.3 ± 0.5 mm and on the left side 5.8 ± 1 mm. For all individual lengths and grouped data for both sides please see Tables II,  III . 
Comparing the STN Length
dISCuSSIon
Our results show that the radiological size of the STN obtained by T2W MR images is similar to the electrophysiological size obtained intraoperatively. This means that the entry and the exit of the STN can be adequately estimated using the probe's eye view preoperatively. It is known that in the classical x,y, and z planes the radiological borders of the STN can be visualised well, except for the caudal border towards the substantia nigra pars reticulata (SNr). This can be difficult as SNr and some fibers related the STN are also seen as hypointense (14, 20) . To clarify grey-white matter distinction and improve image quality, we used T2W images with 2 mm slice thickness.
The clinical improvement found in this study is in line with previous publications (3, 7, 10, 12) . In our study population we observed one case of transient hemiballismus and one case of transient hypomania after STN DBS. These have been described before (9, 13, 15) .
The relevance of MER is a subject of debate and investigation. There are some suspicions about the necessity of MER as MRI techniques keep on improving and direct STN targeting preoperatively is successful. Additionally, there are some publications claiming that it increases the risk of complications like ICH although there are contrary publications (2, 6, 17, 19) . Also demonstrated here, the anatomical length of the STN can be shown reliably with the preoperative MR imaging. Do we need MER to find the STN? The answer is probably no, but we think that we need MER to be able to determine which other trajectory should be used if the central trajectory does not deliver sufficient therapeutic effect or debilitating side effects during intraoperative test stimulation. This decision can be based on the information from MER. The trajectory showing the second longest STN activity can be tested and this can be if necessary extended to the third and so on. In the series presented here, we have implanted in circa 70% of the patients the final electrode in the central trajectory. In other series, this value was lower (17).
USA). The observers determined the borders of STN on the probe´s eye view MR T2W images and checked at each point simultaneously the position of the STN on sagittal, coronal and axial MR images. The length of the STN in the probe's eye view mode was calculated along the trajectory of the central MER electrode crossing the STN. The angles of the electrode trajectory between the entry point and the target point on the sagittal and coronal planes were also calculated in relation midcommissural line. In the superior-inferior direction the segmentation was stopped at the inferior border of the red nucleus, where the SNr begins.
Defining the Subthalamic Nucleus with Microelectrode Recordings
The electrophysiological length of the STN was defined by the trajectory of the central MER electrode. This was regardless of how many MER electrodes were used.
Typical STN activity was characterized by a neuronal firing pattern consisting of increased baseline activity and a strong increase of high-voltage spikes.
Statistical Analysis
Data are presented as means ± standard deviations (SD) and were analyzed using the Wilcoxon signed ranks test. The level of statistical significance was defined as P < .05. All data were analysed using the SPSS 15.0 software package (version 15.0).
ReSulTS
Patient Characteristics
The characteristics of the patients are provided in Table I . The age ranged from 34-70 years (mean: 53.7 ± 9.7 years). Seven patients presented with tremor-dominant type of PD and 3 patients with akineto-rigid type. The duration of the disease from the first diagnosis to the operation ranged from 6 to 20 years (mean: 11.4 ± 4.6 years).
Clinical Outcome at 3 Months
There was a substantial improvement of the total UPDRS score at 3 months post-operatively induced by STN DBS in the medication off condition. For details and changes in UPDRS part III scores, please see Table IV . One patient developed a temporary hemiballismus, which resolved in the course of few days, and another patient showed temporary signs of hypomania.
Radiological Length of the Subthalamic Nucleus
The average coronal and the sagittal angle for approaching the right STN were respectively 27.5° ± 10.1° and 41.8° ± 12.6°, and for the left STN 32.4° ± 4.4° and 41.5° ± 5°. Based on the MRI calculations, the mean length of the STN on the right side was 5.8 ± 0.9 mm and on the left side 5.6 ± 0.4 mm. All individual lengths and grouped data for both sides are presented in Tables II, III . 
